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Abstract 
Current research suggests that viewing complex scenes composed of a background and 
a negative, centralized image results in an emotion-induced memory trade-off.  This trade-off 
is often characterized by high rates of memory accuracy for negative central images at the 
expense of a neutral background.  In the present study, I explored whether the same trade-off 
effect is present for positive emotional stimuli.  Therefore, when viewing complex scenes 
composed of a background and a positive central image, do people tend to remember the 
positive image more than they do the background? I examined two related research questions: 
(1) will positive scene components elicit an emotional memory trade-off effect? and (2) how 
does the passage of time, with and without sleep, influence positive scene components in 
comparison to negative scene components?  Participants were separated into a sleep group 
and a wake group.  The experiment consisted of two parts: the first was a viewing of 90 
compound scenes and the second included a memory recognition test.  Although the trade-off 
effect was present for negative valence items as well as positive objects, no main group effect 
was found.  In other words, the emotional memory trade-off effect was not enhanced with 
sleep. 
 
Keywords: emotion, memory, trade-off, negative, positive 
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Introduction 
A large body of evidence shows that sleep affects human memory. In exploring the 
ways in which sleep does this, researchers have asked fundamental questions such as what 
kind of memory does it affect? and How does it affect memory? These questions, as well as 
others, have launched an entire field dedicated to the study of sleep and memory. 
  In this research project, I will focus specifically on sleep’s effects on emotional 
memory.  Emotional memories are often defined as memories that involve an emotional 
component.  For example, memories from an exciting 16th birthday party would elicit 
happiness and excitement—both positive emotions that become linked to that memory.  That 
emotional element then affects how the memory is recalled.  Though researchers know that 
sleep benefits emotional memories, they are still uncertain as to which aspects of this type of 
memory are preserved and how these memories change over time. A recent study by Payne et 
al. (2008) helped answer this question when they replicated an emotion-induced memory 
trade-off phenomenon and found a link between this trade-off effect and sleep.  The study 
showed preferential consolidation of negative central aspects of an image over their neutral 
backgrounds.  This phenomenon persisted over time and was more pronounced with sleep.  
The study served as the foundation for the current study, which examines whether this 
emotion-induced trade-off effect also exists for the presentation of positive central images 
against neutral scene backgrounds. 
An overview of the memory and the sleep research fields is necessary in order to 
better understand the main components of the study: memory, emotion, and sleep. 
Specifically, an understanding of the relationships between emotion and memory, sleep and 
memory, and sleep and emotional memory will aid with comprehension of the study.  Finally, 
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an understanding of the emotion-induced trade-off effect will also help provide a foundation 
for the current study.    
 
Memory 
 Overview. When we think of memory, it is important to realize that there are various 
types and that they work in different ways. One of the main distinctions in memory is that of 
short-term and long-term memory. Though both are valuable to everyday functioning, they 
play different roles. 
 People usually understand short-term memory as memory for information that 
occurred hours, days, or even weeks ago. In the psychological community, however, short-
term memory usually refers to periods of time that last for less than a minute (Radvansky, 65). 
Without the help of memory techniques, short-term memory also has a relatively limited 
capacity; many people are familiar with the 7 ± 2 rule, which alludes to the amount of 
information that can be stored at one time in short-term memory.  Techniques such as 
mnemonics and chunking can help an individual retain a seemingly larger amount of 
information. 
 Conversely, long-term memory retains information for longer than one minute and has 
no known capacity limits.  Within long-term memory, there is a division between explicit 
(declarative) and implicit (nondeclarative) memory. Declarative memory refers to the 
individual’s awareness of the use of his/her memory to accomplish the task at hand, while 
nondeclarative memory implies just the opposite—individuals are not always aware of the use 
of this type of memory and/or cannot verbalize the use of their memory systems.  Without 
THE EFFECTS OF SLEEP ON AN EMOTIONAL MEMORY TRADE-OFF 8 
going in-depth, these two branches are broken down even further and demonstrate even more 
variety in the complex memory system (Figure 1). 
 Understanding the organization of the human memory system is important because 
memory research is vast and often targets specific types of memory.  This knowledge also 
helps one to understand how the different systems may be interrelated. 
 
Figure 1. Long-term memory is divided into declarative and nondeclarative memory systems.  Declarative 
memory is further broken down into episodic and semantic memory, and nondeclarative memory is broken down 
into procedural, classical conditioning, and priming. Image adapted from Radvansky, 2006. 
 
 Emotion and Memory.  The connection between emotion and memory consolidation 
aroused considerable interest in the psychological community during the latter half of the 
twentieth century.  In 1977, psychologists Roger Brown and James Kulik coined the term 
“flashbulb memory,” which denoted the formation of highly detailed memories during a 
personally significant event of national or international importance. Not only did participants 
in their study remember events such as the deaths of John F. Kennedy and Martin Luther King 
Jr. in great detail, but they also vividly recalled these memories years later; John F. Kennedy 
was assassinated in 1961 and Martin Luther King, 1968—differences of 16 and 9 years by the 
time participants were asked to recall the events.  Though the accuracy of these accounts is 
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questionable, what is significant is that participants believed that they remembered details 
accurately.  These emotional events, which invoked “flashbulb memory,” exceeded typical 
levels of surprise and were consequentially thought to be suggestive of emotion’s possible 
influence on memory.  
              Neurological research has further supported this link. The amygdala and 
hippocampus, brain structures tied to emotion and memory respectively, are often 
simultaneously activated during emotional information processing (e.g. Phelps, 2004).  The 
cooperation of these two brain structures can lead to an enhancement in memory for 
emotional information (e.g. Kensinger & Corkin, 2004). Furthermore, researchers found that 
individuals with amygdala damage do not benefit from an emotional memory enhancement 
(LaBar & Phelps, 1998).  These studies bolster the belief that there is a strong relationship 
between emotion and memory enhancement.  
              More recently, research demonstrated that emotional valence has a strong impact on 
memory. In a study comparing negative and positive memories in regards to a shocking 
World Series win by the Boston Red Sox over the New York Yankees (Kensinger & Schacter, 
2006), researchers found more inconsistencies and overconfidence effects when individuals 
perceived the event as positive.  On the other hand, those who viewed the outcome of the 
game as negative remembered details more vividly, suggesting a greater preference of the 
human memory system to preserve negative information over positive or neutral information.  
 The data suggest that, often times, memories cannot be studied without the 
consideration of their emotional aspects.  Emotional components seem to affect not only the 
quality of the memory, but also how long that memory is retained in the mind.  Though some 
information about emotion’s relationship to memory has been unveiled through these studies, 
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there are still many facets of this relationship that researchers have yet to discover. 
 
Sleep 
Overview.  The sleep process consists of two main states known as non-rapid eye 
movement sleep (NREM) and rapid eye movement (REM) sleep.  NREM is further broken 
down into stages 1-4 NREM, with stages 3 and 4 known as slow wave sleep (SWS).  While 
NREM sleep dominates the first half of a full night’s rest (during the first 2-4 hrs of a 7-8 
hour night of sleep), REM sleep is activated for longer periods of time during the second half 
of the night (Silber, Krahn, & Morgenthaler, 2004).  Figure 2 demonstrates that as the night 
progresses, stages 3 and 4 become shorter while REM sleep is activated for longer periods of 
time.  Knowledge of the sleep cycle may lead to important conclusions concerning which 
stages of sleep affect memory consolidation and in what manner.   
 
Figure 2. This image depicts the stages of sleep, including REM and NREM, that occur throughout the night. 
Image adapted from <http://www.psywww.com/intropsych/ch03_states/stages_of_sleep.html>. 
 
Sleep and Memory Consolidation.  While the literature linking sleep and memory 
has existed since the 19th century, researchers only recently started exploring this relationship. 
New research methods and technological innovation during the last century have contributed 
to the amassing evidence that a full night of sleep (7-8 hours) can benefit certain aspects of 
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memory.  In one study, participants who performed a visual discrimination task after a night 
of sleep were much more successful than those who completed the task after a night of 
wakefulness (Stickgold, James, & Hobston, 2000).  Shorter periods of sleep in the form of 
naps have even been shown to significantly improvement procedural memory (Backhaus and 
Junghanns, 2006).  Although past researchers debated such sleep benefits (e.g. Meienberg, 
1977; Fowler, Sullivan, & Ekstrand, 1977), modern researchers are skeptical of the 
methodology, such as task difficulty (Empson & Clarke, 1970; Tilley & Empson, 1978) and 
emotional salience of information learned (Wagner, Gais, & Born, 2001) that these past 
researchers employed.  It is possible that these techniques affected memory consolidation and 
interfered with effects that were actually present.  Today, most sleep and memory researchers 
maintain that sleep benefits memory consolidation. 
Memory consolidation correlates differently with various sleep stages.  Functional 
neuroimaging methods have shown that REM sleep seems to be more associated with 
declarative memory, whereas SWS (slow-wave sleep) benefits procedural memory (Candaras, 
2005).  One method researchers use to identify the relationship between memory 
consolidation and sleep stages is by observing the sleep cycle after training periods.  For 
example, many studies have shown increased periods of REM sleep during the posttraining 
evening on declarative memory tasks (Maquet, 2001).  Once the individual has mastered the 
task, REM sleep levels return to normal.  Therefore, not all sleep stages influence memory 
consolidation and even when they do they affect specific types of memory. 
Sleep and Emotional Memory.  Sleep’s role in emotional memory consolidation is a 
relatively new interest and has taken advantage of the technological advancements in 
neuroscience.  At the neurological level, researchers found that the first post-encoding night 
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of sleep profoundly influenced the long-term systems-level consolidation of emotional 
memory and aided in integration associated with recollection in the long term (Sterpenich et 
al., 2009).  At the learning phase of the study, participants viewed emotional and neutral 
stimuli.  Afterwards, half of the group was allowed to sleep while the other half was 
completely sleep deprived on the first postencoding night. During functional magnetic 
resonance imaging sessions that took place between 3 days and 6 months later, participants 
completed a memory recollection test.  These researchers found a substantial influence of 
sleep during the first night after encoding on the neural correlates of recollection of emotional 
memories even six months later.  
              In two other studies, groups of researchers (Hu, Stylos-Alan, & Walker, 2006; 
Wagner, Gais, & Born, 2001) compared the effects of sleep and time on emotional memory.  
In their study, Hu et al. (2006) implemented know and remember measures to distinguish 
between participants’ certainty of an item and their familiarity with it. They found that a night 
of sleep improved memory accuracy for negative arousing pictures relative to an equivalent 
period of daytime wakefulness for know judgments and that participants responded more 
conservatively when making remember judgments. Sleep demonstrated an effect of increased 
recognition accuracy and bias.  In another study, Wagner et al. (2001) demonstrated the 
impact of rapid eye movement (REM) sleep on emotional memory consolidation.  Participants 
were separated into three groups: the early sleep group slept for three hours of slow wave 
sleep (SWS), the late sleep group slept for three hours of REM dominant sleep, and finally the 
last group stayed awake for the three hour period. Memory for negative arousing narratives 
was facilitated after three hours of late night sleep, which is dominated by REM sleep.  It is 
likely REM sleep activated the amygdala, a region with a clear tie to emotional memory.  
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The Central/Peripheral Memory Trade-off Effect 
An Emotion-Induced Memory Trade-off.  The research on emotional memories 
precipitated the study of emotion-induced memory trade-offs.  The evidence of one type of 
trade-off between negative arousing stimuli and the peripheral neutral stimuli is well 
documented (reviewed in Buchanan & Adolphs, 2002; Reisberg & Heuer, 2004). This 
central/peripheral trade-off explains that not all aspects of a negative experience are 
remembered with the same quality.  In fact, some aspects are more emotionally salient, 
leading to better memory for these items at the expense of background details.  One real world 
example of this is the “weapon-focus” effect. Victims of a crime often remember the weapon 
used by the criminal, but not other details such as the criminal’s physical appearance (Loftus, 
1979).  Early researchers may not have used terminology such as “trade-off,” but they 
certainly understood that they were tapping into a significant finding in the emotional field.  
Recently, research has focused on understanding this memory trade-off and its interactions 
with other aspects of memory.  Kensinger et al. (2007) showed how aging and encoding 
instructions could affect emotion-induced memory trade-offs.  Younger and older adults first 
passively viewed scenes and subsequently took a recall test, which clearly showed an 
emotion-induced trade-off.  Older adults’ memories were affected, however, when they were 
told to encode the entire scene with equal attention. While younger adults overcame the 
emotion-induced tradeoff, older adults continued to have better memories for the emotional 
aspects over the neutral ones.  In another study by Kensinger et al. (2007), researchers 
demonstrated an interaction between central/peripheral trade-off and another memory effect 
called the gist/detail trade-off.  In brief, the gist/detail trade-off was evident for the elements 
in the neutral background of a complex scene with an arousing central element, while the 
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visually arousing elements themselves showed a pervasive memory trade-off for central 
emotional versus peripheral nonemotional elements of scenes.   
Evidence of enhanced central/peripheral trade-off over a period of sleep.  This 
memory trade-off has been found to be even greater when there is a sleep-filled delay.  In 
2008, Payne, Stickgold, Swanberg, and Kensinger found sleep to preferentially consolidate 
emotional information over neutral information.  Participants were assigned to one of four 
conditions: wake-delay condition, sleep-delay condition, morning 30-minute condition, and 
evening 30-minute condition. The wake-delay group viewed stimuli at 9am and received a 
memory test at 9pm without naps in between; the sleep-delay group viewed stimuli at 9pm 
and was tested the next morning at 9am after a full night of sleep (7-8 hours); the morning 30-
minute condition viewed stimuli at 9am and was tested thirty minutes later; and the evening 
30-minute condition viewed stimuli at 9pm and was tested thirty minutes later.  The wake-
delay and sleep-delay conditions acted as measures to examine emotional memory across 
time, while the 30-minute conditions were used as controls for circadian rhythm effects.  
Participants then viewed various scenes with either emotional or neutral objects on a neutral 
background.  Sleep led to a preservation of memories of negative objects, but not their 
backgrounds, a result suggesting that the two components undergo differential processing 
during sleep. 
 
The Present Study 
              These findings led to the current study examining memory for positive emotional 
stimuli contained within a complex scene.  If negative stimuli within a complex scene elicited 
an emotion-induced trade-off effect over a period of sleep, positive components could exhibit 
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a similar trade-off—and possibly an enhanced trade-off with sleep.  Numerous research 
studies support memory enhancements for positive arousing stimuli (e.g. Kensinger & Corkin, 
2003; Harmer et al., 2004). These experiments have shown that the amygdala is not only 
involved in the enhancement of memory for negative stimuli, but also for positive stimuli; the 
amygdala’s activation, along with that of the ventromedial prefrontal cortex, plays a role in 
memory for positive stimuli (Hamann et al., 2002).  
It is likely that a similar trade-off effect will be seen for the positive items presented in 
this experiment as in the Payne (2008) study with the negative items.  Based on previous 
research, however, any emerging trade-off effects viewed for positive scene components 
would be expected to be weaker than trade-off effects for negative scene components.  In 
2001, Rozin and Royzman suggested that our ancestors preferred a negativity bias because 
those life events were the most important and may have saved many of their lives.  This 
theory would be consistent with the effects of valence reviewed earlier, where negative events 
are sometimes remembered more accurately than positive events (e.g., Kensinger and 
Schacter, 2006a). 
A similar trade-off effect for positive scene components would provide further support 
that sleep benefits the consolidation of emotional over neutral information.  Emotional 
information is often well remembered because it plays an important role in our daily lives.  
For example, seeing a snake in the forest will elicit strong emotions and lead an individual to 
steer clear of the path he/she saw the snake.  However, remembering neutral information such 
as what one ate for dinner last night does not provide a clear benefit to the individual.  
Although any support for a positive information memory trade-off would most likely show a 
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weaker effect than that for negative information, these findings would still indicate a similar 
role for both types of scene components.   
Support for the mentioned hypothesis would also demonstrate that memory for 
positive emotional affect persists over time and is enhanced with sleep, perhaps in the same 
way that sleep affects negative emotional affect. In Payne et al. (2008), memory for negative 
components more than doubled after a 12-hour delay including sleep, compared with after 
either a 30 minute delay or a 12 hour delay spent awake.  Therefore, a similar sleep 
enhancement would be expected for positive scene components.  Such results would further 
support the theory that emotional memory components develop differently across sleep and 
wakefulness—that individual components become unbound, thereby allowing sleep to 
selectively preserve only what is most salient and most important to remember.  
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Experiment 
Methods 
Participants.  Fifty-four Boston College undergraduates participated in this study.  
Forty-two participants signed up through Boston College's Research Participation website 
(SONA). Twelve participants signed up after hearing about the study by word of mouth. They 
had the choice of either receiving 1.5 course credits or $15 dollars for their participation. 
Participants were screened for the presence of depression or high anxiety. All participants had 
normal or corrected-to-normal vision and were not colorblind.  Finally, participants signed a 
consent form approved by the Boston College IRB (institutional review board). 
Seven participants’ data were omitted before the final analysis due to various factors.  
The remaining participants were young adults (age 19.95 ± 0.20 (mean ± standard error) with 
no history of depression, abnormal vision problems, sleep disorders, or learning disabilities.  
Eighteen of the participants were male and twenty-nine were female.  All were native English 
speakers.  Furthermore, the majority of the students were Boston College undergraduates (46 
out of 47).  One participant was a Boston College graduate student in the law school.  
Several self-report questionnaires were used to evaluate participants’ sleep habits.  
The Stanford Sleepiness Scale reported their alertness levels at the time of the experiment 
(Appendix 2).  Scores ranged from one, which indicated, “feeling active and vital; alert; wide 
awake” to seven, which indicated, “almost in reverie; sleep onset soon; lost struggle to remain 
awake.” The Morning-Eveningness Scale asked about participants’ bedtime habits and 
alertness levels throughout the day (Appendix 5).  The range of scores ran from 6 to 32 with 
scores of 6-10 identifying a participant as “definitely an evening type,” 11-15 as “moderately 
an evening type,” 16-22 as “neither type,” 23-27 as “moderately a morning type,” and 28-32 
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as “definitely a morning type.”  Finally, participants also filled out a basic sleep log for the 
day of the study (Appendix 6).  
Following the Payne et al. (2008) study, participants were assigned to one of two 
testing groups: the wake-delay condition and the sleep-delay condition.  Participants in the 
first condition (n = 22; 8 males, 14 females; age 20.33 ± 0.33) viewed stimuli between 8:30 
AM and 12:00 PM and were tested twelve hours later between 8:30 PM and 12:00 AM. 
Participants in the sleep-delay condition (n = 25; 10 males, 15 females; age 19.64 ± 0.25) 
viewed the stimuli between 8:30 PM and 12:00 AM and were tested twelve hours later 
between 8:30 AM and 12:00 PM after a night of sleep (7-8 hours).  
 
Materials.  The stimuli portrayed negative and positive arousing objects, as well as 
neutral nonarousing objects situated on negative and positive arousing, and neutral 
nonarousing backgrounds. Participants viewed 90 scenes (30 incorporating a negative object, 
30 a positive, and 30 a neutral). I created six versions of each scene by arranging two 
variations of the same background with two variations of each object (one negative object, 
one positive, one neutral). Figure 3 shows a few examples of these constructed scenes.  An 
additional 45 objects (15 of each valence) and 45 neutral backgrounds served as lures on a 
recognition memory test.  All items, including the central items and backgrounds, were 
previously rated for valence and arousal, using 7-point scales (Kensinger, Garoff-Eaton, & 
Schacter, 2006; Waring & Kensinger, 2009).  7 indicated a high score with maximum arousal, 
while 1 indicated a low score with no arousal.  All negative objects received ratings of 5 to 7. 
All neutral items had been rated as nonarousing (arousal values lowers than 4) and neutral 
(valence ratings between 3 and 5).  
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Figure 3 Three out of six versions of a scene are shown here.  This scene features one version of the backseat of 
a car as the “background” and a negative (grenade), a positive (a cat in a basket), or a neutral (baby car seat) item 
as the central object.  The other three versions of this scene display a different “backseat of a car” image. 
Versions of these scenes were counterbalanced across participants. 
 
Procedure.  Participants first completed paperwork including a demographics 
questionnaire (Appendix 1), the Stanford Sleepiness Scale (Appendix 2), Beck’s Anxiety 
Scale (Appendix 3), a depression scale (Appendix 4), a morning-eveningness scale (Appendix 
5), and a basic sleep log (Appendix 6).  Participants studied a set of 90 scenes (30 with a 
neutral object, 30 with a negative object, and 30 with a positive object all on neutral 
backgrounds) for 5 seconds each, and then indicated on a 7-point scale whether they would 
approach or move away from the scene if they encountered it in real life. 
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Figure 4. In the first phase of the experiment, participants first viewed 90 images for five-seconds each. A 
prompt appeared after each image and asked them to evaluate whether they preferred to move closer, stay at the 
same distance, or move away from the scene they just viewed. 
 
After the specified delay period, participants performed an unexpected recognition 
test.  Unlike the study task in which individuals saw scenes with objects and backgrounds 
together, the recognition task presented the items separately and one at a time.  Two examples 
are shown in Figure 5.  Some of these objects and backgrounds were identical to the scene 
components that they studied earlier (same), some were alternate versions of the object or 
background (similar), and others were objects or backgrounds that had never been studied 
(new).  Each object was presented with a question (e.g. Did you see a car?) and if the answer 
to the question was “yes,” participants pressed “I” to indicate that the object or background 
was an exact match to a studied component (“same”) or “S” to indicate that it was not an 
exact match (“similar”).  If the answer to the question was “no,” they pressed “N.”   
This recognition task included 45 same objects (15 negative, 15 neutral, 15 positive), 
45 similar objects (15 negative, 15 neutral, 15 positive), 45 new objects (15 negative, 15 
neutral, 15 positive), 45 same backgrounds (15 previously shown with a negative object, 15 
previously shown with a neutral object, 15 previously shown with a positive object), 45 
similar backgrounds (15 previously shown with a negative object, 15 previously shown with a 
neutral object, 15 previously shown with a positive object), and 45 new backgrounds.  
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Figure 5. In the Recognition Phase, participants saw either an object or a background. Items and backgrounds 
were identical (as previously seen in Phase 1), similar, or new.  Participants indicated their responses by pressing 
“I,” “S,” or “N.” 
 
Statistical Analysis. I analyzed all data using Microsoft Excel and SPSS, a statistical 
analysis program provided by Boston College.  I first looked at an overall ANOVA analyzing 
the various dimensions (scene component: item, background; valence: negative, positive, 
neutral; item type: same, similar, new; condition: sleep, wake) to determine if there were any 
interactions between them.  I ran further ANOVAs afterwards to explore the direction in 
which these interactions were taking place.     
 To confirm the existence of an emotional memory trade-off after 12 hours with and 
without sleep, a 3 (valence: negative, positive, neutral) x 2 (scene component: object, 
background) x 3 (item type: same, similar, neutral) ANOVA was conducted on overall 
recognition after Kensinger et al. (2007).  
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Results 
 
Sleep 
 Participants in the wake group slept, on average, 7 hours, 28 minutes the night before 
the study. They reported going to bed at 1:02 AM and waking up at 8:31 AM.  On the 
Stanford Sleepiness Scale, they reported an average of 2.38 for part one and 2.95 for part two.  
Finally, wake group participants reported 18.14 ± 4.58 on the Morning-Eveningness Scale. 
Participants in the sleep group slept, on average, 7 hours. They reported going to bed 
at 2:02 AM and waking up at 9:00 AM.  On the Stanford Sleepiness Scale, they recorded an 
average rating of 2.52 for part one and 3.04 for part two.  Sleep group participants also 
reported 15.48 ± 4.02 on the Morning-Eveningness Scale. 
 One significant difference was found in the data for the mentioned sleep 
questionnaires.  An unpaired t-test revealed a significant difference between Stanford 
Sleepiness scores for those in the wake group and those in the sleep group for part one of the 
experiment, (unpaired t-test, t=-0.57, p=0.003).  In other words, participants in the wake 
group reported being more alert than those in the sleep group during the study phase of the 
experiment.  Scores for the Stanford Sleepiness questionnaire for part two of the study 
revealed no such effects, (unpaired t-test, t=-0.24, p=0.66).  Furthermore, there were no 
significant differences between the groups for the Morning-Eveningness Scale (unpaired t-
test, t=2.10, p=0.49) or the amount of sleep participants received, (unpaired t-test, t=1.42, 
p=0.63). 
 
An Emotional-Memory Trade-off Effect for Negative and Positive Scenes 
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To analyze the data, I first conducted a 2 (condition: sleep, wake) × 3 (item type: 
same, similar, new) × 2 (scene component: item, background) × 3 (valence: negative, positive, 
neutral) ANOVA that revealed an interaction between scene component, item type, and 
valence, F (2, 90) = .48, p <0.001.  This three-way interaction indicated that the presence of 
the trade-off effect varied as a function of valence. I then further examined the basis for this 
three-way interaction by running separate analyses for negative, positive, and neutral scenes. 
Each of these analyses were 2 (scene component: item, background) × 2 (condition: 
sleep, wake) × 3 (item type: same, similar, new) ANOVAs.  The ANOVAs for the negative 
and positive scenes each revealed an interaction between scene component and item type, F 
(2,90) = 1.47, p < 0.001 for the negative scenes; F (2,90) = 0.51, p <0.001 for the positive 
scenes.  This interaction revealed the emotion induced memory trade-off.  The analysis for 
neutral items also revealed an interaction between scene component and item type, but, as I 
will explain in more detail below, this interaction revealed an effect in the opposite direction 
of what would be indicative of the trade-off effect, F (2, 90) = .16, p = .03. 
For negative scenes, participants were able to correctly identify studied items (66%) at 
much higher rate than their respective backgrounds (46%). Positive scenes showed a similar 
trend to that of negative with item identification from positive scenes (59%) at a much higher 
rate than background identification (48%). By contrast, participants identified studied neutral 
items (48%) at a significantly lesser rate to that of their backgrounds (53%). See Figure 6 for 
a depiction of these results.   
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Figure 6. Objects were significantly better recalled than backgrounds within negative and positive scenes.  
Neutral scenes demonstrated a reverse effect with backgrounds recognized more often than objects. 
 
Absence of a Sleep Effect 
 The same set of analyses for negative, positive, and neutral scenes did not reveal any 
interactions between item type, scene component, and condition (Sleep, Wake), providing no 
evidence that the trade-off was affected by sleep. 
 Compared to the original study by Payne et al. (2008) in which researchers found an 
enhanced trade-off effect for negative scenes, F(1, 46) = 4.7, p = .03, the current study 
showed no significant three-way interaction for negative items, F(2, 90) = 1.47, p = .47.  
Furthermore, the three-way interaction for positive items approached significance, F(2, 90) = 
.10, p = .07.  Finally, as expected, neutral items demonstrated the smallest amount of group 
interaction, F(2, 90) = .01, p = .78. 
 After sleep, individuals were able to recognize more items within the scenes, but were 
also able to recognize more backgrounds instead of forgetting them (Figure 7).  For example, 
for negative scenes, while participants in the wake group recalled only 63% of objects, 
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participants in the sleep group recalled 67% of the objects.  In regards to the backgrounds in 
which these items were originally embedded, one would see a drop in recognition if the trade-
off were exaggerated with sleep.  However, rather than experiencing a reduction in 
remembering backgrounds after sleep, recognition memory accuracy actually improved 
(Figure 7).  Sleep (compared to wake) provided a 9 percentage point improvement for 
recognition of backgrounds compared with an increase of 4 percentage points for the 
recognition of negative central items.  Therefore, a trade-off effect enhanced by sleep was not 
found. 
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Figure 7. A 2 (condition: wake, sleep) × 2 (scene component: item, background) × 3 (valence: negative, 
positive, neutral) ANOVA did not reveal a main effect of group. (a) Mean recognition of objects and 
backgrounds within the wake group. (b) Mean recognition of objects and backgrounds within the sleep group. 
  
An Overall Memory Enhancement 
Instead of sleep conveying an enhancement of the trade-off effect through memory 
improvement for items and negative interference with memory for backgrounds, the present 
study showed that sleep provided a significant overall improvement in recognition of objects 
and backgrounds.  Within the same three previous ANOVAs run as a function of valence 
(negative, positive, neutral), a three-way interaction between item type, valence, and 
condition was revealed for neutral and positive scenes, and an approach toward significance 
for negative scenes, F(2, 90) = .44, p = .03 for the neutral scenes; F(2, 90) = .37, p = .05 for 
the positive scenes; F(2, 90) = .29, p = .08 for negative scenes. 
 Neutral scenes experienced the strongest three-way interaction.  Participants in the 
sleep group were more accurate in identifying studied neutral items (“same”) than those in the 
wake group (51%, 43%).  They also improved in identifying neutral items that were similar to 
(b) 
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those that were studied (“similar”), scoring at around chance in the wake group (37%) to well 
above chance in the sleep group (44%). The only item type that neutral scenes did not show 
an improvement for after sleep were items that they had never studied before (“new”).  While 
participants were able to identify 83% of new items as “new” in the wake group, this 
proportion dipped slightly to 80% in the sleep group.  Participants’ performance on the 
backgrounds in which the neutral objects were embedded experienced a similar improvement.  
Correctly identifying “same,” “similar,” and “new” items improved dramatically or stayed 
around the same proportion after sleep (same: 47%, 59%; similar: 31%, 40%; new: 81%, 
80%). 
 This interaction was also evident for positive scenes.  For “same” and “similar” 
objects, participants improved slightly for positive items after a full night of sleep (same: 
57%, 60%; similar: 44%, 47%).  Similar to the neutral scenes, participants were slightly less 
accurate in identifying “new” objects after a night of sleep (86%, 82%).  Identification of 
backgrounds also improved after sleep (same: 40%, 54%; similar: 44%, 47%). 
Surprisingly, relative to neutral and positive items, negative scenes showed the 
weakest interaction between item type, valence, and condition.  Accuracy after sleep 
improved the most for “same” items, not at all for “similar” items, and only marginally for 
“new” items (same: 63%, 67%; similar: 50%, 50%; new: 81%, 82%).  Identification of 
backgrounds only improved for “same” items (same: 41%, 51%; similar: 50%, 50%). 
Table 1 outlines proportions of correct responses for “same,” “similar,” and “new” 
item types (mean, SE) and demonstrates that memory for both items and backgrounds 
improved after sleep.    
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Negative Scenes 
Items 
 “Same” “Similar” “New” 
Wake  .63 (.04) .50 (.04) .81 (.03) 
Sleep  .68 (.04) .50 (.05) .82 (.04) 
Backgrounds 
 “Same” “Similar” “New” 
Wake  .41 (.04) .37 (.04) NA 
Sleep  .51 (.04) .37 (.04) NA 
Positive Scenes 
Items 
 “Same” “Similar” “New” 
Wake  .57 (.04) .44 (.03) .86 (.02) 
Sleep  .60 (.03) .47 (.05) .82 (.04) 
Backgrounds 
 “Same” “Similar” “New” 
Wake  .40 (.03) .37 (.04) NA 
Sleep  .54 (.03) .40 (.05) NA 
Neutral Scenes 
Items 
 “Same” “Similar” “New” 
Wake  .43 (.04) .37 (.04) .83 (.03) 
Sleep  .51 (.04) .44 (.05) .80 (.03) 
Backgrounds 
 “Same” “Similar” “New” 
Wake  .47 (.03) .31 (.04) .81 (.03) 
Sleep  .59 (.03) .40 (.04) .80 (.03) 
Table 1. The proportion of correct responses for “same,” “similar,” and “new” item types (mean, SE). 
               
Discussion 
Review of the Present Study 
From an evolutionary perspective, the impact that emotional items can have on 
memory makes sense.  For example, the dangerous cliffs and carnivorous animals our 
ancestors encountered thousands of years ago probably elicited negative feelings that 
propelled them to flee.  More than likely, this mechanism helped them to survive.  Negative 
and positive arousing elements within our environment are different though and the same 
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survival explanation given to the former does not necessarily apply to the latter.  Positive 
arousing elements do invoke better memory though.  It may not serve an aspect of life as vital 
as survival, but psychology research has proved its strong hold on our memory systems.   
The present study explored whether this prediction could be true.  Could a strong 
emotional memory phenomenon that is present and well documented with negative scenes 
also exist for positive visually arousing ones?  More specifically, does attention to a central, 
positive image cause individuals to remember less of the peripheral details and does this 
phenomenon increase with seven to eight hours of sleep?  After testing 47 young adults and 
analyzing the data, I found the central/peripheral memory trade-off effect for both negative 
and positive objects, though neither effect was enhanced after a night of sleep.  However, 
sleep did benefit memory overall, with participants being better able to identify studied 
objects, but less accurate at rejecting “new” objects after sleep than after wake. 
One explanation for why the study did not reveal a main effect of sleep is that 
participants did not obtain enough SWS, which interfered with the processes of consolidation 
of the previously studied items.  Recent research has shown a large improvement in 
declarative memory after only SWS compared with only REM sleep (Plihal and Born, 1997, 
1999).  On the basis of this research, what are possible reasons for why students did not 
receive enough SWS?  It is important to note that students were required to neither report 
their sleep habits for the few days leading up to the study nor maintain a regular sleep 
schedule during that time; therefore, there is no way of knowing whether they were getting 
very little sleep and experiencing sleep debt or whether they were on a regular sleep schedule 
before they came in for the study.  This is important because researchers now know that sleep 
deprivation can dramatically impact what kind of sleep a person gets on the following night 
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during the recovery sleep period.  They found that sleep deprivation was followed by an 
increased amount of time spent in REM sleep (as compared to non-REM sleep) during the 
recovery night after deprivation (Brunner, Dijk, Tobler, & Borbély, 1990; Elmenhorst, 
Elmenhorst, Luks, Maass, Vejvoda, & Semel, 2007).  As students at a challenging university 
with demanding courses, the participants may have been experiencing sleep debt and 
consequently did not receive enough SWS the night before the experiment (or the night after 
the experimental phase for sleep group participants).  This sleep debt could have impacted 
their declarative memory systems that then affected their performance in the recall phase of 
the study. 
Another related explanation is that individuals in the sleep group did not receive 
enough sleep in general to facilitate an enhanced trade-off effect.  There was a reported 
significance in the scores on the Stanford Sleepiness Scale for the study phase of the 
experiment; individuals in the wake group reported being more alert than those in the sleep 
group at phase one.  It is plausible that those in the wake group reported higher levels of 
alertness because of the additional sleep (28 minutes, on average) they received over the sleep 
group.  Could it be that a mere 28 minutes of additional sleep affected the consolidation 
processes within these two groups?  This amount of time may not seem like much, but if the 
extra sleep involved SWS, sleep that enhances declarative memory, it could be likely that it 
did indeed make a difference and affect the memory systems.   
The fact that the study revealed a trade-off effect for both negative and positive 
arousing stimuli does not categorically suggest that arousal, and not valence, drives this 
phenomenon or vice versa.  Indeed, it seems plausible that because the negative and positive 
events were matched on arousal, this characteristic may have been responsible, or at least 
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played a significant role, in both groups revealing a trade-off.  In 2006, psychologists 
conducted a neuroimaging study comparing memory for negative and positive arousing 
stimuli that supported this suggestion through the finding that there was similar recruitment of 
the amygdala during encoding of negative and positive images (Kensinger & Schacter, 
2006b).  Since we are aware of the relationship between the amygdala and arousing 
information, these results suggest that arousal has played a role in consolidation for the 
negative as well as the positive information.  However, valence may have influenced the 
items as well.  Studies corroborating the idea that valence contributes to the consolidation of 
negative and positive information argue that different neural processes may support the 
successful encoding of positive and negative information (Kensinger & Schacter, 2006c, 
Mickley & Kensinger, 2008).  Since negative and positive scenes’ significance values for the 
trade-off effect were equal in strength and no other measured differences were viewed within 
the present study, both arousal and valence may have contributed to the results. 
The finding that positive scenes elicited a trade-off effect is consistent with research 
showing that, like negative emotional stimuli, they also have importance in our lives.  In this 
context, positive stimuli were still important even when placed within compound scenes: 
participants recalled central positive items at a much higher rate than that of their neutral 
backgrounds.  However, what is the importance of emotionally gratifying information and 
what are the real-world implications for such results?  Perhaps, positive arousing information 
contributes to our overall wellbeing in a different manner.  Indeed, positive emotions have 
been shown to increase emotional wellbeing (Fredrickson & Joiner, 2002), undo the 
cardiovascular aftereffects of negative emotions (Fredrickson, Mancuso, Branigan, & Tugade, 
2000), and even increase lifespan (Danner, Snowdon, & Friesen, 2001).  Therefore, it seems 
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that positive emotional information may serve an equally important role to that of negative 
emotional information. 
Limitations and Future Directions  
Circadian Rhythm Effects.  The present study did not account for circadian rhythm 
effects.  These effects describe a phenomenon in which the time of day (e.g. morning, 
evening) influences humans’ biological states and occasionally interferes with how an 
individual processes information.  For example, in the current study, performance by 
participants in the wake group may have been affected by the time of day they first studied the 
stimuli as well as the time of day they were asked to recall them.  These participants 
participated in the morning for the first part and came back 12 hours later in the evening for 
the second.  It is plausible that they were particularly attentive in the morning and thus, 
accurately recalled the stimuli later on.  The same is true for the sleep group, but in an 
opposite fashion.  Memory consolidation in part one in the evenings by individuals in the 
sleep group may have been affected by the fact that biological mechanisms caused them to be 
more drowsy and less attentive. 
A study in which circadian rhythm effects are accounted for would include two 
additional test conditions in addition to the wake and sleep groups.  The first group would 
come into the laboratory for parts one and two in the morning with a short delay in between 
and the second group would participate in parts one and two the evening with a short delay in 
between.  If circadian rhythms are not a factor, then the two groups should perform similarly. 
Replication of the Central/Peripheral Trade-off for Positive Objects.  Although 
evidence from the present study indicates a positive emotion-induced memory trade-off, 
researchers need to replicate this data given that most studies exploring the central/peripheral 
THE EFFECTS OF SLEEP ON AN EMOTIONAL MEMORY TRADE-OFF 33 
trade-off have dealt with negative arousing objects.  One way to produce robust results may 
be to present only positive and neutral stimuli to participants and exclude negative arousing 
objects.  Researchers have found that the mixed presentation of negative and positive 
emotional stimuli leads to the domination of attention for negative elements over positive 
ones.  In one study, the mixture of emotional tones presented through radio messages showed 
that participants’ attentions were locked and focused when a negative message played while 
participants’ attentions calmed down during positive segments (Bolls & Thomas et al., 2004).  
Understandably, audio stimuli are different from visual stimuli, but the study nevertheless 
indicates that negative emotional information captures attention more easily and more 
intensely than positive information when the two are presented in close proximity to one 
another.  It is likely that this preference of attention for the negative over the positive played a 
role in the current study.  Therefore, the presentation of positive and neutral information, 
excluding negative stimuli, may elicit higher memory recognition than if it were in a mixed 
presentation with negative arousing visual items. 
Positive Emotional Memory Trade-off in Older Adults. The study of older adults 
and how their memory systems differ from that of younger adults has revealed interesting 
results.  In 2007, Kensinger, Garoff-Eaton, and Schacter found that positive content conferred 
a general memory advantage for older adults but not younger adults.  While both groups 
showed an enhanced specific recognition (recall of visual details) for negative stimuli, only 
older adults seemed to gain an advantage for general recognition memory for positive items.  
It may be that older adults have a tendency to retain pleasant memories and forget the 
unpleasant ones over time (Walker, Vogl, & Thompson, 2007).  A recent study by Waring 
and Kensinger (2009) further expanded these understandings and discovered that in older 
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adults, memory trade-offs for negative scenes diminished and even disappeared after a long 
delay.  With the present data, it is plausible that older adults would show a stronger trade-off 
with positive scenes.  Thus, future research would benefit from the exploration of whether 
older adults not only experience a stronger trade-off for positive scenes, but also whether this 
effect is enhanced with sleep. 
Neuroimaging Studies.  Expanded neuroimaging studies may provide a better clue 
into the differences between negative and positive emotional memory.  Current fMRI studies 
demonstrate that the amygdala is activated during the viewing of both negative and positive 
stimuli (Hamann et al., 2002).  These results show that negative and positive emotional 
stimuli are similar on at least one neural level.  Future research may concentrate on how sleep 
affects the trade-off phenomenon for negative and positive scenes at a neural level. 
Conclusion 
 My thesis project explored two questions: (1) do positive emotional scenes elicit a 
similar trade-off effect to that of negative scenes in younger adults? and (2) if these scenes do 
in fact reveal a trade-off effect, is the effect enhanced with a full night of sleep?  The finding 
that trade-offs with positive scenes are indeed present in younger adults suggests that positive 
items within complex scenes hold importance and are often remembered at the expense of 
peripheral details.  Finally, considering the limitations with my study protocol, further steps 
should be taken to evaluate whether this trade-off effect really is enhanced with a full night of 
sleep. 
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Appendix 1: Demographics Questionnaire 
 
ID Number: _____________ 
Date: _____________ 
Study Name: _____________ 
Background Questionnaire 
 
Date of Birth ____ / ____ / ____ 
 
Age ___________ 
 
Sex (circle the most appropriate letter) 
a. Male 
b. Female 
 
Ethnic Background 
a. Hispanic 
b. Not Hispanic 
 
Racial Background (circle the most appropriate letter) 
a. American Indian or Alaskan Native 
b. Asian or Pacific Islander 
c. African-American, Black (not Hispanic origin) 
d. Caucasian, White (not Hispanic origin) 
e. Other 
 
Marital Status 
a. Single 
b. Married 
c. Divorced 
d. Separated 
e. Widowed 
 
Education (circle the highest grade/year completed) 
 1 2 3 4 5 6  7 8 9 10 11 12  13 14 15 16  17 18 19 20 20+ 
 (grade school)  (high school)  (college)  (graduate training) 
 
Are you presently (circle all that apply) 
a. Employed full-time 
b. Employed part-time 
c. Retired 
d. Retired on disability 
e. Not employed and seeking work 
f. Not employed and not seeking work 
g. Full-time student 
h. Part-time student 
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Appendix 2: Stanford Sleepiness Scale (adapated from Jessica Payne) 
 
 
 
STANFORD SLEEPINESS SCALE 
 
Subject:         
 
Choose the number of the description that best fits your current state: 
 
1 feeling active and vital; alert; wide awake 
2 functioning at a high level, but not at peak; able to concentrate 
3 relaxed; awake; not at full alertness; responsive 
4 a little foggy, not at peak; let down 
5 fogginess; beginning to lose interest in remaining awake; slowed down 
6 sleepiness; prefer to be lying down; fighting sleep, woozy 
7 almost in reverie; sleep onset soon; lost struggle to remain awake 
X asleep 
 
DATE TIME SCORE (1-7) 
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Appendix 3: Beck’s Anxiety Scale 
 
Beck Anxiety Inventory 
 
Below is a list of common symptoms of anxiety.   Please carefully read each item in the list.  
Indicate how much you have been bothered by that symptom during the past month, including 
today, by circling the number in the corresponding space in the column next to each symptom. 
 
 Not At All Mildly but it 
didn’t bother 
me much.  
Moderately - it 
wasn’t pleasant at 
times 
Severely – it 
bothered me a 
lot 
Numbness or tingling 0 1 2 3 
Feeling hot 0 1 2 3 
Wobbliness in legs 0 1 2 3 
Unable to relax 0 1 2 3 
Fear of worst 
happening 
0 1 2 3 
Dizzy or lightheaded 0 1 2 3 
Heart pounding/racing 0 1 2 3 
Unsteady 0 1 2 3 
Terrified or afraid 0 1 2 3 
Nervous 0 1 2 3 
Feeling of choking 0 1 2 3 
Hands trembling 0 1 2 3 
Shaky / unsteady 0 1 2 3 
Fear of losing control 0 1 2 3 
Difficulty in breathing 0 1 2 3 
Fear of dying 0 1 2 3 
Scared 0 1 2 3 
Indigestion 0 1 2 3 
Faint / lightheaded 0 1 2 3 
Face flushed 0 1 2 3 
Hot/cold sweats 0 1 2 3 
Column Sum 
    
 
Scoring ‐ Sum each column.   Then sum the column totals to achieve a grand score.  Write 
that score here ____________ . 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Appendix 4: Depression Scale 
 
MOOD SCALE (short form) 
 
Choose the best answer for how you have felt over the past week: 
 
1. Are you basically satisfied with your life? YES / NO 
 
2. Have you dropped many of your activities and interests? YES / NO 
 
3. Do you feel that your life is empty? YES / NO  
 
4. Do you often get bored? YES / NO 
 
5. Are you in good spirits most of the time? YES / NO 
 
6. Are you afraid that something bad is going to happen to you? YES / NO 
 
7. Do you feel happy most of the time? YES / NO 
 
8. Do you often feel helpless? YES / NO 
 
9. Do you prefer to stay at home, rather than going out and doing new things? YES / NO 
 
1. Do you feel you have more problems with memory than most? YES / NO 
 
11. Do you think it is wonderful to be alive now? YES / NO 
 
12. Do you feel pretty worthless the way you are now? YES / NO 
 
13. Do you feel full of energy? YES / NO 
 
14. Do you feel that your situation is hopeless? YES / NO 
 
15. Do you think that most people are better off than you are? YES / NO 
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Appendix 5: J.A. Horne & O. Ostberg’s Morningness-Eveningness Scale 
 
Morningness-Eveningness Scale 
 
Read each question carefully. Select the most appropriate answer and note the corresponding 
value next to it.  
 
1. If you were entirely free to plan your evening and had no commitments the next day, at 
what time would you choose to go to bed.?  
 
1. 2000hrs - 2100hrs  
2. 2100hrs - 2215hrs  
3. 2215hrs - 0030hrs  
4. 0030hrs - 0145hrs  
5. 0145hrs - 0300hrs 
 
2.You have to do 2 hours physically hard work. If you were entirely free to plan your day, in 
which of the following periods would you choose to do the work? 
 
1. 0800hrs - 1000hrs  
2. 1100hrs - 1300hrs  
3. 1500hrs - 1700hrs  
4. 1900hrs - 2100hrs  
 
 
3. For some reason you have gone to bed several hours later than normal, but there is no need 
to get up at a particular time the next morning. Which of the following is most likely to occur?  
 
1. Will wake up at the usual time and not fall asleep again  
2. Will wake up at the usual time and doze thereafter  
3. Will wake up at the usual time but will fall asleep again  
4. Will not wake up until later than usual  
 
4. You have a 2 hour test to sit which you know will be mentally exhausting. If you were 
entirely free to choose, in which of the following periods would you choose to sit the test?  
 
1. 0800hrs - 1000hrs  
2. 1100hrs - 1300hrs  
3. 1500hrs - 1700hrs  
4. 1900hrs - 2100hrs  
 
5. If you had no commitments the next day and were entirely free to plan your own day, what 
time would you get up?  
 
1. 0500hrs - 0630hrs  
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2. 0630hrs - 0745hrs  
3. 0745hrs - 0945hrs  
4. 0945hrs - 1100hrs  
5. 1100hrs - 1200hrs  
 
6. A friend has asked you to join him twice a week for a work-out in the gym. The best time 
for him is between 10pm - 11pm. Bearing nothing else in mind other than how you normally 
feel in the evening, how do you think you would perform? 
 
1. Very well  
2. Reasonably well  
3. Poorly  
4. Very poorly  
 
 
7. One hears about 'morning' and 'evening' types of people. Which of these types do you 
consider yourself to be ?  
 
1. Definitely morning type  
2. More a morning than an evening type  
3. More an evening than a morning type  
4. Definitely an evening type  
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Appendix 6: Sleep Log 
 
SLEEP LOG 
 
 
Name: ___________________________________________ 
 
Date: ___/___/_____ 
 
Day 1: 
 
1) What time did you go to sleep last night? ______________ 
 
2) What time did you wake up this morning? _____________ 
 
3) What was the quality of your sleep last night? 
 
poor  average  good  (circle one) 
 
 
4) Did you take any naps during the day? yes  no (circle one) 
 
If yes, how long was it and when was it? ________________________ 
 
Day 2: 
 
1) What time did you go to sleep last night? ______________ 
 
2) What time did you wake up this morning? _____________ 
 
3) What was the quality of your sleep last night? 
 
poor  average  good  (circle one) 
 
 
4) Did you take any naps during the day, or after your session yesterday?  yes no
 (circle one) 
 
If yes, how long was it and when was it? ________________________ 
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Appendix 7: Debriefing Form 
 
Participant Debriefing 
 
 You have just completed a study exploring the effects of sleep on emotional memory.  
Emotional memory is defined as any memory that elicits an emotional response.  For 
example, if you recently had a birthday party that made you excited and happy, that event 
would be defined as an emotional memory.  The same would be said of a birthday party that 
made you feel sad and gloomy.  Researchers have found that emotional memories are better 
remembered compared to nonemotional ones.   
My study deals with the effects of sleep on emotional memories.  In 2008, Payne et al. 
found that sleep increased effects of a central-peripheral memory effect for negative central 
components.  The central-peripheral phenomenon deals with composite scenes in which there 
is a background (i.e. an airport) and a central item (i.e. a flight attendant).  By testing half of 
the participants (on a series of composite scenes they had seen earlier) after a full night’s rest, 
Payne et al. were able to replicate from previous studies that participants 1) are more likely to 
remember scenes with a negative central component as in contrast to scenes with a neutral 
central component and discovered 2) that as participants’ memories increased for the central 
negative components, their memory decreased for the neutral backgrounds.  In other words, 
participants’ memories for negative central items increased at the expense of their 
backgrounds.   
 My research mainly deals with the question of whether this central-peripheral trade-off 
effect is present for positive emotional items.  In this study, you viewed a series of composite 
scenes made up of positive, negative, and neutral central components.  During the second 
phase of the task, the recognition phase, I tested your memory to see what specific 
components are retained.  My hope is that a trade-off effect is seen with the composite scenes 
with positive stimuli.  In other words, I hope to see an increase in the memory of positive 
central items at the expense of their backgrounds. 
 
Thank you for participating in my senior thesis project! 
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